Introduction
============

Constipation is amongst the most common gastrointestinal (GI) complaints reported by individuals seeking advice from a health care provider.[@b1-jnm-24-299] Up to 20% of the United States (US) adult population suffers with some form of constipation. Constipation reduces quality of life to a similar degree as other medical conditions such as diabetes, gastroesophageal reflux, or stable inflammatory bowel disease,[@b2-jnm-24-299],[@b3-jnm-24-299] and adversely affects work productivity.[@b4-jnm-24-299]

Patients associate a number of bowel related complaints with the word "constipation," including reduced stool frequency, hard or lumpy stool consistency, straining, and a sensation of incomplete evacuation.[@b5-jnm-24-299] Some patients with constipation also report abdominal symptoms such as pain, bloating, and distension.[@b6-jnm-24-299] According to the symptom-based Rome criteria, patients with a combination of bowel and abdominal symptoms have been labelled as suffering with irritable bowel syndrome with constipation (IBS-C), whereas those with bowel related complaints but little in the way of abdominal symptoms have been diagnosed with chronic idiopathic or functional constipation (CIC).[@b7-jnm-24-299]

There is controversy in the literature regarding the classification of IBS-C and CIC as separate and distinct conditions given that overlap between these conditions is common in clinical practice. By definition, CIC patients must not meet criteria for IBS.[@b8-jnm-24-299] The removal of this restriction was studied in previous large scale cross-sectional surveys, finding 39--90% of IBS-C patients meeting CIC criteria[@b9-jnm-24-299],[@b10-jnm-24-299] and 8--44% of CIC patients meeting IBS-C criteria.[@b9-jnm-24-299]--[@b11-jnm-24-299] The Rome IV publication acknowledged that IBS-C and CIC could represent the extremes of a disease spectrum rather than separate and distinct disorders.[@b8-jnm-24-299] Insufficiencies in our understanding of the overall symptom complex of these disorders might contribute to the high rates of patient dissatisfaction with treatment for IBS-C and CIC patients.[@b4-jnm-24-299]

Characteristic bowel symptoms and some abdominal symptoms have been evaluated in the literature in a comparative manner between these disorders. However, previous studies focused on (1) lower GI symptoms[@b6-jnm-24-299],[@b10-jnm-24-299]--[@b13-jnm-24-299] or (2) overlapping disease states.[@b10-jnm-24-299],[@b12-jnm-24-299]--[@b14-jnm-24-299] To our knowledge, a comprehensive, comparative evaluation of lower and upper GI symptoms has not been conducted between IBS-C and CIC.

To advance our understanding of the global phenotype of individuals with IBS-C vs. CIC, the aim of the present study was to evaluate the complex of lower and upper GI symptoms among actively symptomatic individuals with IBS-C compared to individuals with CIC using results from a US population-based survey.

Materials and Methods
=====================

Data Source
-----------

The present study was a post *hoc* evaluation of a nationwide survey completed in October 2015 which was conducted to assess the burden of GI symptoms amongst adults in the US.[@b15-jnm-24-299],[@b16-jnm-24-299] The survey was based on MyGiHealth, a mobile app that systematically collects GI symptom information using a computer algorithm called Automated Evaluation of GI Symptoms (AEGIS). We described the AEGIS algorithm in detail elsewhere.[@b17-jnm-24-299] Briefly, AEGIS first asked individuals which among 8 GI symptoms they have recently experienced, including: (1) constipation, (2) abdominal pain, (3) bloat/gas, (4) diarrhea, (5) fecal incontinence, (6) heartburn/reflux, (7) dysphagia, and (8) nausea/vomiting. These symptoms are based on the National Institutes of Health (NIH) Gastrointestinal Patient Reported Outcomes Measurement Information System (GI-PROMIS) framework.[@b18-jnm-24-299]--[@b20-jnm-24-299] For each reported symptom, AEGIS guided patients through the corresponding GI-PROMIS questionnaires to measure symptom severity as compared to population norms. Afterwards, AEGIS guided respondents through questions drawn from a library of over 300 symptoms attributes measuring the timing, severity, frequency, location, quality, bother, and character of their GI symptoms, along with relevant comorbidities and demographics.

Study Population
----------------

This nationwide survey was comprised of 71 812 adults (at least 18 years of age) identified from an opt-in list developed by a contract research company (Cint) to represent the general US population, with recruitment quotas for age, sex, and geographic location. The Cint platform utilizes a reward system based on marketplace points. The number of points awarded is driven by the length of interview. On reaching a certain redemption level, panelists can redeem their rewards through different online payment partners linked to Cint. The size of the redemption is based on the number of points earned. Panelists can choose to receive their rewards in cash sent to their bank accounts or they can shop online with participating merchants or make payments to a charity. Incentive levels have been set to encourage long-term participation and to discourage professional respondents who seek to take surveys only to obtain payment.

Subjects were identified with IBS-C and CIC who reported experiencing constipation within the past week to limit recall bias (see [Supplementary Table](#s1-jnm-24-299){ref-type="supplementary-material"} for definitions) in comparison to Rome criteria. Demographic data were extracted from the original survey regarding age, sex, race/ethnicity, education, marital status, employment status, household income, and number of comorbid medical conditions. Participants contributed demographic and GI symptom-specific information within the prior 7 days to this survey which were standardized using the adaptive computer-based GI-PROMIS instrument.[@b18-jnm-24-299] Seven broad categories of GI symptoms were assessed (constipation, fecal incontinence, abdominal pain, bloating, dysphagia, heartburn, and nausea). Based on survey responses, GI PROMIS scores were assigned to symptomatic subjects on a percentile range from 1 to 100. Asymptomatic patients were not assigned a score. Scores were reported for the composite of reported GI symptoms as well as for each symptom category.

Endpoints
---------

Our primary endpoint was the overall GI-PROMIS score representing a composite assessment of combined GI symptom frequency and severity, for the IBS-C and CIC populations in an analysis adjusted for demographic variables. Secondary endpoints included GI-PROMIS scores for specific GI symptoms in IBS-C and CIC as well as the prevalence of specific GI symptoms in the IBS-C population relative to the CIC population. We also assessed the odds of reporting specific GI symptoms in the IBS-C population relative to the CIC population.

Statistical Methods
-------------------

We used post-stratification to adjust for over- and under-sampling of subgroups in the National GI Survey. Specifically, population weights based on latest US Census data for age, sex, and race/ethnicity were applied to the sample data in order to produce population estimates.[@b21-jnm-24-299],[@b22-jnm-24-299] Differences in demographics between IBS-C and CIC populations were assessed by Student's *t* test for continuous variables. A corrected, weighted Pearson chi-square test was utilized for nominal variables.

Descriptive statistics were used to report GI-PROMIS scores with 95% confidence interval (CI) estimates, as well as prevalence of symptoms. Differences in GI-PROMIS scores for the composite symptom analysis as well as specific GI symptoms were determined with Student's *t* test. A corrected, weighted Pearson chi-square test was calculated for comparison of GI symptom prevalence in IBS-C and CIC. The odds of specific GI symptoms in the IBS-C relative to CIC population were reported as odds ratios with 95% CI. Logistic regression was used to adjust for demographic variables in the analysis of symptom prevalence, and linear regression used to assess for demographic variables in the analysis of GI-PROMIS scores. Ordered logistic regression adjusted for demographic variables was used to analyze differences between groups regarding responses to individual constipation questions. Analysis was performed using Stata 13.1 software (StataCorp LP, College Station, TX, USA).

Results
=======

Out of the 71 812 US adults who completed the surveys, we identified 275 subjects with IBS-C and 734 subjects with CIC who reported experiencing constipation within the past week ([Table 1](#t1-jnm-24-299){ref-type="table"}). Demographic variables of age, sex, and race/ethnicity distribution were similar in both groups, however CIC subjects had higher prevalence of university graduation, marriage/long term relationship status, full-time employment, and income.

Composite Gastrointestinal Symptom Frequency and Severity
---------------------------------------------------------

The mean composite GI-PROMIS score for the IBS-C group was higher (251.1, 95% CI 230.0 to 273.1) than for the CIC group (177.8, 95% CI 167.2 to 188.4). This was statistically significant (*P* \< 0.001) adjusting for demographic variables.

Individual Gastrointestinal Symptom Frequency and Severity
----------------------------------------------------------

Four lower GI complaints were assessed using the GI-PROMIS score in this survey ([Fig. 1](#f1-jnm-24-299){ref-type="fig"}). Regarding bowel symptoms, composite frequency and severity of constipation (*P* = 0.011) but not incontinence (*P* = 0.389) was greater in IBS-C compared to CIC. For abdominal symptoms, GI-PROMIS scores for abdominal pain (*P* = 0.007) and bloating (*P* \< 0.001) were higher in IBS-C than in CIC adjusting for demographic variables.

We identified differences between IBS-C and CIC subjects regarding responses to constipation-pertinent questions within the GI-PROMIS questionnaire ([Table 2](#t2-jnm-24-299){ref-type="table"}). Answers to questions involving straining and incomplete bowel movements were generally similar between IBS-C and CIC subjects. However, IBS-C subjects were more likely to report use of digitation as well as more severe/frequent symptoms of passing hard or lumpy stools. IBS-C subjects were also more likely to report more frequent rectal or anal pain, however there was no statistically significant difference in rectal/anal pain severity. Interestingly, while questions pertinent to abdominal "pain" suggested more severe and frequent symptoms in IBS-C subjects, there was no statistically significant difference in abdominal "discomfort" symptoms between IBS-C and CIC subjects.

Three upper GI symptoms (dysphagia, heartburn, nausea) were assessed. Composite frequency and severity of heartburn (*P* = 0.001) was more severe in IBS-C than CIC, though nausea (*P* = 0.167) and dysphagia (*P* = 0.327) were not. GI-PROMIS scores for upper GI symptoms are reported in [Figure 2](#f2-jnm-24-299){ref-type="fig"}.

Odds of Reporting Gastrointestinal Symptoms for Irritable Bowel Syndrome With Constipation Versus Chronic Idiopathic Constipation
---------------------------------------------------------------------------------------------------------------------------------

Regarding lower GI abdominal symptoms, the odds of reporting abdominal pain (OR, 4.3; 95% CI, 2.9 to 6.6), bloating (OR, 1.9; 95% CI, 1.3 to 2.8), and incontinence (OR, 2.9; 95% CI, 1.3 to 6.3) were greater in IBS-C than CIC. There was no statistically significant difference in odds for reporting of upper GI symptoms of dysphagia (OR, 1.2; 95% CI, 0.7 to 2.2), heartburn (OR, 1.1; 95% CI, 0.7 to 1.5), or nausea (OR, 1.4; 95% CI, 0.9 to 2.2) between IBS-C and CIC. Prevalence of individual GI symptoms is reported in [Figure 3](#f3-jnm-24-299){ref-type="fig"}.

Discussion
==========

In this study, we evaluated and compared the severity and prevalence of GI symptoms among IBS-C or CIC patients who were symptomatic during the prior week, identified from a large, representative sample of the US population. Given the construct of symptom-based diagnostic criteria which distinguish between IBS-C and CIC on the presence of abdominal pain, it is not surprising that abdominal symptoms (abdominal pain and bloating) were more severe and more frequent in patients with IBS-C when compared to those with CIC. Interestingly, we also found that bowel-related symptoms, such as stool frequency and consistency, were more severe in IBS-C than CIC patients. It then follows that IBS-C patients had a significantly higher composite assessment of global GI symptoms than patients with CIC. The results of this study raise important questions about the current symptom-based construct which dichotomizes IBS-C and CIC into separate and distinct disorders.

Our findings are consistent with prior cross-sectional surveys which evaluated the symptom experience in IBS-C and CIC patients. A recent nationwide US-based survey which compared symptoms in IBS-C and CIC found more bothersome abdominal symptoms (abdominal pain, bloating, discomfort, and cramping) and constipation symptoms in those with IBS-C.[@b6-jnm-24-299] Another survey enrolled consecutive unselected outpatients in GI secondary care from 2 Canadian hospitals reported similar results.[@b10-jnm-24-299] Two recent large surveys from Spain[@b11-jnm-24-299] and China[@b12-jnm-24-299] reported less of a difference in the symptom experience reported by patients with IBS-C and CIC. Though IBS-C patients had a significant increase in the frequency of straining when compared to CIC patients, other symptoms yielded inconsistent findings or were not significantly different between groups.

IBS-C and functional constipation, also known as CIC, are classified as separate and distinct disorders according to the Rome diagnostic criteria. CIC is defined by bowel symptoms and IBS-C by abdominal pain in addition to bowel symptoms.[@b8-jnm-24-299] While more severe in IBS-C, abdominal symptoms (pain and bloating) were still common in CIC subjects completing the survey. Acknowledging that symptom frequency and severity can vary over time, the fact that almost half of the CIC group reported abdominal symptoms confirms that these symptoms are common in CIC and thus, the distinction between these 2 groups of patients in clinical practice may be difficult.

It is possible that IBS-C and CIC could represent a spectrum of constipation related disease rather than 2 separate and distinct disorders. Using Rome III diagnostic criteria, a prior survey of primary care patients with either IBS-C or CIC found that approximately one-third of patients migrated to the alternate diagnosis (IBS-C to CIC, or CIC to IBS-C by Rome III criteria) after one year of follow-up.[@b9-jnm-24-299] It is likely that individuals experience varying levels of abdominal symptoms over time based upon contributions from intrinsic factors including motility, degree of fecal loading, visceral hypersensitivity, gut permeability, and immune activation and further influenced by extrinsic factors such as microbiome, food, and stress. In a study evaluating platelet-depleted plasma serotonin levels in subjects with IBS-C or CIC, prior authors reported platelet-depleted plasma serotonin levels varying with pain and stool thresholds, but that both IBS-C and CIC appeared to have similar characteristic symptom and physiologic overlap.[@b23-jnm-24-299]

The prevalence of abdominal discomfort appeared similar in IBS-C and CIC cohorts. Previous iterations of the Rome criteria (including Rome III) defined IBS by the presence of either abdominal pain or discomfort, however the updated Rome IV criteria removed abdominal discomfort from the definition. This was done mostly because of the lack of cohesive patient understanding and even agreement on the definition for abdominal discomfort across languages and cultures in translated versions of the Rome diagnostic questionnaire.[@b24-jnm-24-299] However, this is not to suggest that abdominal discomfort might not be an important symptom in IBS. Moreover, only 79% of IBS-C patients experienced abdominal pain within the last week in this study, with the remaining patients instead reporting abdominal discomfort. Abdominal discomfort questions included in GI-PROMIS were critically evaluated both qualitatively to confirm consistent patient understanding and quantitatively in a validation cohort to derive the score distribution. While our findings suggest similarities in abdominal discomfort across IBS-C and CIC, further cross-cultural studies are warranted to confirm whether IBS-C and CIC patients experience abdominal discomfort similarly and to understand differences in the symptom experience.

Overlap of IBS-C and CIC with upper GI disorders has also been previously evaluated. 33--42% of individuals with IBS-C also report gastroesophageal reflux disease symptoms and functional dyspepsia (75--89% of IBS-C individuals).[@b13-jnm-24-299],[@b25-jnm-24-299] In contrast, another study reported that co-morbid gastroesophageal reflux disease as well as dyspepsia only occured in 6% of CIC individuals.[@b12-jnm-24-299] However, our present study found that while heartburn was more severe in IBS-C than CIC, upper GI symptoms and especially heartburn were not uncommon in CIC (a traditionally lower GI disorder) and there was no difference in symptom prevalence compared to IBS.

Some authors have suggested a painful "subtype" of CIC which might be in-between both disease states.[@b26-jnm-24-299],[@b27-jnm-24-299] While not meeting Rome criteria for IBS, these patients can still experience greater use of healthcare resources and worse quality of life than nonpainful CIC counterparts. Another study employed latent class analysis to identify a subgroup of chronically constipated patients differentiated by severity of GI symptoms rather than presence of specific abdominal or bowel symptoms.[@b3-jnm-24-299] Fifty-six point seven percent of the latent class with more severe symptoms had IBS-C by Rome III criteria, compared to 25% of the latent class with less severe symptoms. These findings correlate with our study reporting more severe symptoms in IBS-C.

One potential limitation of this study was the low prevalence of IBS-C and CIC in our survey population, even lower than the prevalence reported in other cross-sectional surveys[@b3-jnm-24-299],[@b6-jnm-24-299],[@b11-jnm-24-299] and systematic reviews.[@b28-jnm-24-299],[@b29-jnm-24-299] The primary reason for this is likely our use of the validated GI-PROMIS system, which assesses symptoms over the prior 7 days unlike the Rome questionnaire. The prevalence of IBS-C and CIC are already well reported, and our present study design is not intended to assess prevalence of IBS-C and CIC. In light of the waxing and waning nature of symptoms in these diseases,[@b30-jnm-24-299] this study was designed to assess IBS-C and CIC patients with symptoms during the past week in an effort to limit recall bias and increase power of detecting interpretable and meaningful differences between IBS-C and CIC populations. As such, the time frame for questions was in line with published criteria for development of NIH PROMIS instruments designed for the intended purpose of this study.[@b31-jnm-24-299] In addition, one could argue that restricting the analysis to a 1-week time frame provides the most accurate representation of the clinical experience in actively symptomatic patients and might reduce problems with recall bias that could accompany studies which require longer recall periods.

Finally, there are 3 sufficiently independent upper GI symptom domains within the framework of the GI-PROMIS instrument which themselves encompass a variety of individual GI complaints. Supported by a prospective validation trial (10.1038/ajg.2014.237), an individual complaint would primarily affect only a single GI-PROMIS domain and therefore not have an outsized effect on the overall GI-PROMIS score. While the instrument has broad applications in quantitatively assessing clinically meaningful changes in overall GI symptomatology, a weakness of this instrument is that individual complaints are not reported. Additional instruments in future studies would likely prove valuable in detailing upper GI experiences among IBS-C and CIC individuals.

In summary, we found that abdominal symptoms were common in IBS-C and CIC, but that individual symptoms including bowel symptoms were generally more severe in IBS-C patients. Upper GI symptoms were common in both conditions. These findings have important practical implications for patients and providers. The current regulatory and payer environment is predicated upon distinguishing between IBS-C and CIC. By doing so, this may create confusion and potentially deleterious barriers to the use of different doses of pharmaceuticals which are specifically indicated for one or the other disorder. For example, there are different doses of both lubiprostone and linaclotide which are approved by the US Food and Drug Administration for IBS-C and CIC. By separating the 2 conditions, it is also possible that we are underestimating the overall prevalence and personal and economic burden of constipation-related disorders. While it is certainly important to clinically phenotype patients in a way that embraces their overall illness experience, one wonders if the current paradigm of separating between IBS-C and CIC should be reconsidered to reflect the growing body of evidence which supports the notion that they represent a spectrum of disease which tracks by symptom frequency.
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![Gastrointestinal patient reported outcomes measurement information system scores for lower gastrointestinal symptoms as a composite measure of frequency and severity. Abdominal pain, bloating, and constipation, but not fecal incontinence, were more frequent/severe in irritable bowel syndrome with constipation (IBS) than in chronic idiopathic constipation (CIC).](jnm-24-299f1){#f1-jnm-24-299}

![Gastrointestinal patient reported outcomes measurement information system scores for upper gastrointestinal symptoms as a composite measure of frequency and severity. Heartburn, but not dysphagia or nausea, was more frequent/severe in irritable bowel syndrome with constipation (IBS) than in chronic idiopathic constipation (CIC).](jnm-24-299f2){#f2-jnm-24-299}

![Prevalence of gastrointestinal symptoms in irritable bowel syndrome with constipation (IBS) and chronic idiopathic constipation (CIC). Abdominal pain, bloating, and incontinence (but not dysphagia, heartburn, or nausea) were more prevalent in constipation-predominant IBS than in CIC.](jnm-24-299f3){#f3-jnm-24-299}

###### 

Population Characteristics and Demographics

  Characteristic                                                             IBS-C         CIC
  -------------------------------------------------------------------------- ------------- -------------
  Population (n)                                                             275           734
  Age                                                                        42.7 ± 12.6   43.3 ± 13.2
  Female                                                                     77.5%         78.1%
  Race                                                                                     
   Non-Hispanic white                                                        77.8%         80.3%
   Non-Hispanic black                                                        6.2%          6.5%
   Hispanic                                                                  9.5%          8.2%
   Asian                                                                     1.5%          1.9%
   Other                                                                     5.1%          3.1%
  At least college graduate[a](#tfn1-jnm-24-299){ref-type="table-fn"}        32.0%         42.1%
  Married/long term relationship[a](#tfn1-jnm-24-299){ref-type="table-fn"}   62.6%         69.4%
  Employed or full-time                                                      50.9%         51.1%
  Income 50 k or greater[a](#tfn1-jnm-24-299){ref-type="table-fn"}           38.2%         48.1%

Denotes statistically significant difference between irritable bowel syndrome with constipation (IBS-C) and chronic idiopathic constipation (CIC) (*P* \< 0.05).

###### 

Differences Between Chronic Idiopathic Constipation and Irritable Bowel Syndrome With Constipation Subjects in Responses to Constipation Questions From Gastrointestinal Patient Reported Outcomes Measurement Information System Questionnaire

  Question                                                                                                                         OR (95% CI) of more severe/frequent symptom in IBS-C relative to CIC   *P*-value
  -------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------- -------------------------------------------------
  In the past 7 days, how often did you pass very hard or lumpy stools?                                                            1.47 (1.00 to 2.16)                                                    0.049[a](#tfn2-jnm-24-299){ref-type="table-fn"}
  In the past 7 days, how much did hard or lumpy stools bother you?                                                                1.41 (1.01 to 1.98)                                                    0.044[a](#tfn2-jnm-24-299){ref-type="table-fn"}
  In the past 7 days, how often did you strain while trying to have bowel movements?                                               1.18 (0.83 to 1.67)                                                    0.359
  In the past 7 days, how much did you usually strain while trying to have a bowel movement?                                       1.04 (0.75 to 1.44)                                                    0.819
  In the past 7 days, how much did straining during bowel movements bother you?                                                    1.17 (0.84 to 1.65)                                                    0.353
  In the past 7 days, how often did you feel pain in your rectum or anus while trying to have a bowel movement?                    1.60 (1.14 to 2.25)                                                    0.007[a](#tfn2-jnm-24-299){ref-type="table-fn"}
  In the past 7 days, at its worst how would you rate the pain in your rectum or anus during bowel movements?                      1.31 (0.95 to 1.81)                                                    0.100
  In the past 7 days, how often after a bowel movement did you feel unfinished - that is that you had not passed all your stool?   1.45 (0.98 to 2.15)                                                    0.064
  In the past 7 days, how often did you use your finger or toilet paper to get out a stool?                                        1.48 (1.03 to 2.14)                                                    0.036
  In the past 7 days, how often did you have belly pain?                                                                           1.96 (1.33 to 2.90)                                                    0.001
  In the past 7 days, at its worst how would you rate your belly pain?                                                             1.68 (1.04 to 2.70)                                                    0.034
  In the past 7 days, how much did belly pain interfere with your day-to-day activities?                                           1.99 (1.32 to 3.00)                                                    0.001
  In the past 7 days, how much did belly pain bother you?                                                                          1.66 (1.10 to 2.50)                                                    0.015
  In the past 7 days, how often did you have discomfort in your belly?                                                             1.15 (0.77 to 1.72)                                                    0.490

Denotes statistically significant difference between irritable bowel syndrome with constipation (IBS-C) and chronic idiopathic constipation (CIC) (*P* \< 0.05).

Differences are reported as odds ratios of a more severe or frequent symptom in IBS-C relative to CIC. A higher odds ratio suggests a more severe or frequent symptom in a subject with IBS-C than a subject with CIC.
